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(57) ABSTRACT

A process for the production of dioxolane compounds of
formula (I):

R3 Ry

wherein R1 and R2 independently represent hydrogen or an
alkyl chain from 1 to 10 carbon atoms; R3 and R4 indepen-
dently represent hydrogen, an alkyl chain from 1 to 5 carbon
atoms, or an alkyl chain from 1 to 5 carbon atoms which is
endowed with one or more hydroxyl groups, such process
comprising a reaction between crude glycerol and an alde-
hyde or a ketone, with a molar ratio of aldehyde:glycerol or
ketone:glycerol from 3:1 to 20:1.
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1
PROCESS FOR THE PRODUCTION OF A
DIOXOLANE COMPOUND FROM CRUDE
GLYCEROL

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present applicationis a U.S. national stage entry under
35 US.C. §371 of International Application No. PCT/
1B2011/002302 filed Sep. 30, 2011.

TECHNICAL FIELD OF THE INVENTION

The present invention concerns a process for the produc-
tion of dioxolane compounds comprising the reaction
between crude glycerol and aldehydes or ketones, under con-
ditions with which most chlorides become insoluble and are
easily withdrawn from the reaction medium.

BACKGROUND ART

Crude glycerol Crude glycerol is a by-product of the pro-
cess to obtain biodiesel, namely a transesterification of veg-
etable raw material, such as natural oils or animal fat, with
lower alcohols.

Such a transesterification process is the method most often
employed to enable the use of vegetable oils (for instance
coconut, soy, castor, sunflower, peanut) and animal fat as fuel,
for instance in the presence of a homogeneous or heteroge-
neous alkaline catalyst.

From the transesterification reaction in a basic or acid
medium, one obtains a monoalkyl ester—the biodiesel fuel—
and glycerol.

A general equation for that reaction would be: triglycer-
ide+3 alkyl alcohol—glycerol+3 fatty acid alkyl ester

The monoalkyl ester and the glycerol formed in the trans-
esterification reaction are substantially immiscible and are
separated by decantation at the end of the reaction.

Very commonly, in that process to obtain biodiesel, the
neutralization of the transesterification product with hydro-
chloric acid gives origin to a sodium chloride contamination
solubilized in the decanted glycerin. The presence of sodium
chloride accelerates corrosion in stainless steel equipment.

This raw glycerol, byproduct of the transesterification
reaction, has low purity and contains, among several contami-
nants, fatty acids, fatty acid salts, inorganic salts, inorganic
acids, inorganic bases, water, lower alcohols, mono-, di- and
triglycerides, esters of fatty acids with lower alcohols, trans-
esterification catalyst residue, etc. To enable the use of this
raw glycerol, the traditional path has been the removal of its
contaminants with several purification steps, to obtain a purer
product commonly referred to as blond glycerin, which is
then bi-distilled, to reach high purity. It is obviously a long
and costly process when compared to the use of the crude
glycerol.

Dioxolane and Process to Obtain It

Dioxolanes, in the sense utilized herein, are a group of
organic compounds containing the 1,3-dioxolane ring,
known to be used in several applications, such as pharmaceu-
tical actives, chemical intermediates and solvents. The par-
ticular use as solvent is interesting as it is less harmful than
traditional solvents, with similar performance.

The preparation of a dioxolane compound by way of react-
ing glycerol and a ketone or an aldehyde is generally known,
for instance as in the following publications: R. J. Fessenden
& J. F. Fessenden, Organic Chemistry, 2nd edition, page 524,
1982 and T. W. Greene, Protective Groups in Organic Chem-
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2
istry, John Wiley & Sons, 1981. No mention to the use of
crude glycerol and the effects of the contaminants upon the
reaction is mentioned.

SUMMARY OF THE INVENTION

The present invention concerns a process for the produc-
tion of dioxolane compounds of formula (I):

R;

comprising a reaction between crude glycerol and aldehyde
or ketone, with a molar ratio of aldehyde:glycerol or ketone:
glycerol from 3:1 to 20:1, where

R1 and R2 independently represent hydrogen or an alkyl

chain from 1 to 10 carbon atoms, more particularly an
alkyl chain from 1 to 5 carbon atoms, for instance
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, pentyl
and isopentyl; and

R3 and R4 independently represent hydrogen, an alkyl

chain from 1 to 5 carbon atoms, or an alkyl chain from 1
to 5 carbon atoms which is endowed with one or more
hydroxyl groups.

In the reaction between crude glycerol and aldehyde, one
of'the groups R1 and R2 is hydrogen. In the reaction between
glycerol and ketone, the groups R1 and R2 do not represent
hydrogen.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 represents weight percents of three fractions
obtained by decantation of a reaction medium after reaction
between crude glycerol and acetone with respect to various
acetone:glycerol molar ratios according to an embodiment of
the present invention.

DETAILED DESCRIPTION

Without excluding any other, adequate ketones employed
in the reaction with glycerol are acetone, cyclohexanone,
methyl cyclohexanone, methyl cyclopentanone, methyl
isobutyl ketone, 4-hydroxy-4-methyl-2-pentanone, 2-bu-
tanone, 3-butanone, diisobutyl ketone, 4-methyl-3-penten-2-
one, 2-nonanone, 2-pentanone, 3-methyl-2-butanone and
1-phenylethanone and mixtures thereof. Preferably, the
ketone is acetone.

Without excluding any other, adequate aldehydes
employed in the reaction with glycerol are formaldehyde,
acetaldehyde, 2-ethylhexanal and furfuraldehyde and mix-
tures thereof.

Ina particular embodiment of the invention, it is possible to
utilize one or more ketones and/or aldehydes to react with the
crude glycerol. According to the invention, crude glycerol
advantageously reacts with ketone and most advantageously
with acetone.

The dioxolane compounds obtained by the invention are
acetals or ketals. The acetals are obtained by nucleophilic
addition of an alcohol to an aldehyde in acidic conditions,
followed by elimination of water. The ketals are obtained by
the same type of reaction performed with ketones.



US 9,126,967 B2

3

Without excluding any other, particular 1,3-dioxolanes
obtained by the invention are 2-hydrocarbyl-1,3-dioxolane-
4-methanol, for instance:
2,2-dimethyl-1,3-dioxolane-4-methanol
2,2-diisobutyl-1,3-dioxolane-4-methanol
2-isobutyl-2-methyl-1,3-dioxolane-4-methanol
2-butyl-2-ethyl-1,3-dioxolane-4-methanol
2-phenyl-1,3-dioxolane-4-methanol
According to the invention, a preferred dioxolane resulting
from the reaction step of the invention between glycerol and
acetone is 2,2-dimethyl-1,3-dioxolane-4-methanol, also
known as solketal.
According to the invention, the molar ratio of aldehyde:
glycerol or ketone:glycerol is comprised from 3:1 to 20:1,
preferably from 4:1 to 15:1, more preferably from 6:1to 12:1.
It was verified that, within the above-mentioned molar ratio
range, the insolubilization of the chlorides is optimized, what
makes their withdrawal from the reaction medium—for
instance by decantation or filtration—more effective than
with other molar ratios. In other words, outside those limits, a
larger amount of the chlorides remains solubilized in the
reaction medium, therefore not as easily separable. As a con-
sequence, because of the lesser presence of chlorides, the
equipment associated with the reaction vessel, such as distil-
lation columns, do not need to be particularly resistant to
corrosion.
Particular embodiments of the reaction comprised in the
process of the invention, not excluding any other alternative,
is adequately performed according to one or more of the
following parameters:
temperature: between 10 and 60° C., preferably between
20 and 45° C.;

pressure: atmospheric;

catalyst: acid, such as sulfuric acid, metanesulfonic acid,
xylenesulfonic acid, acetic acid, adequate amounts of
catalyst are 0,2 to 1% weight in relation to the weight of
glycerol;

alkalinity: between 0.04 and 10 mg KOH/g, in particular

from 0.08 to 1.8 mg KOH/g of glycerol;

duration: 30 min to 5 hours, preferably 1 to 2 hours;

solvent: none or organic solvents like heterocyclic and

aromatic organic compounds. Among heterocyclic and
aromatic organic compounds, furan compounds are pre-
ferred, for example Tetrahydrofuran (THF) and 2-Me-
thyltetrahydrofuran (2MeTHF);

crude glycerol: as such, preferably obtained as a by-prod-

uct of the process for producing biodiesel, namely a
transesterification of vegetable raw material, such as
natural oils or animal fat, with lower alcohols. Crude
glycerol advantageously contains glycerol from 40 to
95%, particularly from 75 to 90% by weight, water from
110 15%, preferably from 5 to 15% by weight, inorganic
salts, especially chlorides, from 1 to 15%, preferably
from 5 to 15% by weight and other organic impurities
like free fatty acids, salts of fatty acids, esters, sulfur
compounds, proteins and minerals). Crude glycerol is
advantageously previously dehydrated, for instance
under vacuum, at 70-80° C., so that the content of water
is lower than 5% by weight.

In a particular embodiment, the invention concerns a pro-
cess for the production of dioxolane compounds of formula
(D characterized by the fact that it comprises the following
steps:

a)—in a reaction vessel, reacting crude glycerol and ketone

or aldehyde, with a molar ratio of aldehyde:glycerol or
ketone:glycerol from 3:1 to 20:1, preferably from 4:1 to
15:1, more preferably from 6:1 to 12:1;
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b)—allowing decantation, then separating solids, the
remaining liquid fraction presenting a light phase and a
heavy phase;

c)—removing salt from said heavy phase, the remaining

portion thereof being optionally returned to the reaction
vessel;
d)—subjecting said light phase to distillation to separate
the dioxolane compound from ketone or aldehyde,
which are optionally recycled to the reaction vessel;

e)—subjecting the obtained dioxolane compound to a fur-
ther distillation to remove water.

The step a) is carried out in a reaction vessel according to
the operating conditions given above. A dehydration of the
crude glycerol is preferentially performed prior to step a).

The light phase rich in dioxolane, aldehyde or ketone,
presents a chloride content in the range 0.005-0.8% wt, pref-
erably 0.01-0.40% wt, more preferably 0.01-0.20 and even
more preferably 0.05-0.20 while the heavy phase contains
mainly glycerol, fatty salts, sodium chloride and water. Step
b) is preferably carried out during 30 minutes to 2 hours.

Adequate removal means on step ¢) are filtration and cen-
trifugation, alone or in combination.

A dehydration of the crude glycerol, prior to step a), may
optionally be performed, for instance under vacuum of about
9x10°-14x10° Pa and temperature 70-80° C.

The distillation in step d) may be adequately performed in
an atmospheric column with temperatures in the range of 60
to0 90° C.

The distillation in step e may be adequately performed
under vacuum, for instance 1x10°-3x10> Pa, and tempera-
tures in the range of 110-120° C.

A neutralization step with alkali, for instance sodium
hydroxide, may optionally be performed between steps a) and
b), and/or between steps b) and c¢). Adequate amounts of
neutralizing alkali are chosen so that the reaction medium
reaches an alkalinity between 0.1 and 0.5 mg KOH/g, in
particular from 0.2 to 0.3 mgKOH/g of glycerol.

The light phase, before step d), may optionally be sub-
jected to contact with basic resin, activated carbon or a silica
system, and separation, to further lower level of sodium chlo-
ride, for instance below 10 ppm of chloride.

EXAMPLE

The following example is given only as a particular
embodiment of the invention, in no way imposing limitations
beyond the contents of the claims presented further on.

Crude glycerol (alkalinity 5.9 mg KOH/g) corresponding
to the composition below was used as starting material for the
reaction comprised in the invention (percentages in weight):

glycerol 78.40%

chloride 6.42%

water 11.52%

impurities 3.66%

Acetone was used to react with the crude glycerol.

The catalyst was sulfuric acid, 0.5% in weight with relation
to the weight of glycerol.

The reaction was performed at 40° C. for 2 hours.

Decantation was allowed for 1 hour at 35-40° C., with the
liquid portion showing the separation of a top light phase
from a bottom heavy phase.

Tested molar ratio acetone:glycerol were: 1:1;2:1;4:1; 8:1
and 12:1.

Results

The dioxolane obtained by the reaction described above
was solketal (2,2-dimethyl-1,3-dioxolane-4-methanol).
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FIG. 1 shows the percentages w/w of the following frac-
tions, where:

fraction a—corresponds to a light phase of the liquid layer;

fraction b—corresponds to a heavy phase of the liquid

layer;

fraction c—corresponds to a bottom layer of decanted salt.

It can be seen that below the molar ratio 4:1, there is no
layer ¢ of decanted chloride salt, as it remains solubilized in
the liquid medium. Only above molar ratio 4:1 and up to 12:1
the chloride salt becomes insoluble and decants at the bottom
of the vessel.

Tables 1 and 2 below show the contents (% w/w) of the
indicated compounds, according to specific acetone:glycerol
molar ratios.

TABLE 1

light phase (fraction a)

Molar
ratio glycerol acetone dioxolane water NaCl
1 7.11 51.2 35 4.9 0.55
2 3.61 58.9 30.8 4.9 0.38
4 6.3 624 24.1 5.2 0.33
8 33 71.7 18.9 4.7 0.12
12 1.9 78.7 13.7 4 0.05
TABLE 2
heavy phase (fraction b)
Molar
ratio glycerol acetone dioxolane water
1 543 14.1 12.9 12.4
2 53.1 14.1 10 14.3
4 51.1 15.8 8.2 16.1
8 0 0 0 0
12 0 0 0 0

It can be seen that as the acetone:glycerol molar ratio
increases, the heavy phase decreases and disappears, while
(as shown in FIG. 1) the sodium chloride becomes insoluble
and decants.

It is understood that with the aid of the information pre-
sented herein, the person skilled in the art may deduce the
invention to practice in ways not expressly described, but
performing substantially the same functions to reach substan-
tially the same results, those equivalent embodiments being
encompassed by the following claims.

The invention claimed is:

1. A process for producing a dioxolane compound,

said process comprising the steps of:
a)—in a reaction vessel, reacting a crude glycerol and an
aldehyde or a ketone with a molar ratio of aldehyde:glycerol
or ketone:glycerol from 3:1 to 20:1,
b)—allowing decantation, then separating solids, the remain-
ing liquid fraction presenting a light phase and a heavy phase;
c)—removing salt from said heavy phase, the remaining por-
tion thereof being optionally returned to the reaction vessel;
d)—subjecting said light phase to distillation to separate the
dioxolane compound from said ketone or said aldehyde,
being optionally recycled to the reaction vessel; and
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e)—subjecting the obtained dioxolane compound from step
d) to a further distillation to remove water.

2. The process according to claim 1, wherein said molar
ratio of aldehyde:glycerol or ketone:glycerol is from 4:1 to
15:1.

3. The process according to claim 1, wherein said ketone in
said reaction is at least one ketone selected from the group
consisting of acetone, cyclohexanone, methyl cyclohex-
anone, methyl cyclopentanone, methyl isobutyl ketone, 4-hy-
droxy-4-methyl-2-pentanone,  2-butanone, 3-butanone,
diisobutyl ketone, 4-methyl-3-penten-2-one, 2-nonanone,
2-pentanone, 3-methyl-2-butanone, and 1-phenylethanone.

4. The process according to claim 1, wherein said aldehyde
in said reaction is at least one aldehyde selected from the
group consisting of formaldehyde, acetaldehyde, 2-ethyl-
hexanal, and furfuraldehyde.

5. The process according to claim 1, wherein said diox-
olane compound is a 2-hydrocarbyl-1,3-dioxolane-4-metha-
nol compound.

6. The process according to claim 1, wherein said salt
removing in step ¢) is carried out by filtration, by centrifuga-
tion, or by a combination of filtration and centrifugation.

7. The process according to claim 1, wherein a dehydration
of'said crude glycerol is performed prior to step a).

8. The process according to claim 1, wherein said distilla-
tion in step d) is performed in an atmospheric column with
temperatures in the range of from 60° C. to 90° C.

9. The process according to claim 1, wherein said distilla-
tion in step e) is performed under vacuum of from 1x10° Pato
3x10° Pa, and temperatures in the range of from 110° C. to
120° C.

10. The process according to claim 1, wherein a neutral-
ization step with an alkali is performed between steps a) and
b), and/or between steps b) and c).

11. The process according to claim 1, wherein said light
phase, before step d), is subjected to contact with activated
carbon or a silica system, and separation.

12. The process according to claim 1, wherein said crude
glycerol comprises from 40% to 95% by weight of glycerol.

13. The process according to claim 1, wherein said crude
glycerol comprises from 1% to 15% by weight of chlorides.

14. The process according to claim 13, wherein said reac-
tion is carried out in a reaction medium with said molar ratio
to form insoluble chlorides, and wherein said process further
comprises withdrawing said insoluble chlorides from said
reaction medium by decantation or filtration.

15. The process according to claim 14, comprising decan-
tation of said reaction medium to separate decanted chlorides.

16. The process according to claim 15, wherein said decan-
tation provides a light phase, said light phase containing said
dioxolane compound and having a chloride content of from
0.005 to 0.8% by weight.

17. The process according to claim 5, wherein said 2-hy-
drocarbyl-1,3-dioxolane-4-methanol compound is selected
from the group consisting of 2,2-dimethyl-1,3-dioxolane-4-
methanol, 2,2-diisobutyl-1,3-dioxolane-4-methanol,
2-isobutyl-2-methyl-1,3-dioxolane-4-methanol, 2-butyl-2-
ethyl-1,3-dioxolane-4-methanol, and 2-phenyl-1,3-diox-
olane-4-methanol.

18. The process according to claim 1, wherein the molar
ratio of aldehyde:glycerol or ketone:glycerol is from 6:1 to
12:1.



